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Background:  On  March  11, 2011,  the  Tohoku  district  was  struck  by the  most  powerful  known  earthquake
to  hit  Japan.  Although  stress-induced  heart diseases  rise  after  strong  psychosocial  stress,  little  is  known
about  the  characteristics  of heart  failure  (HF)  caused  by  psychosocial  stress  related  to earthquakes.
Methods:  We  examined  patients  admitted  to our hospital  for HF  during  a three-week  period  between
March  11  and  March  31,  2011  (Disaster  group)  and  compared  them  to patients  during  the  corresponding
period  of 2010  (Non-Disaster  group).
Results:  The  number  of patients  was  larger  in the  Disaster  group  (n =  30,  18  men,  12 women;  mean  age
77.3  ±  9.8  years)  than  in the  Non-Disaster  group  (n =  16,  8 men,  8 women;  mean  age  77.3  ± 11.6  years).
A  total  of 14  of 30 patients  (46.7%)  in  the  Disaster  group  did  not  have  past  history  of  admission  for  HF,
compared  to 2  patients  (12.5%)  in the  Non-Disaster  group  (p  = 0.02).  The  number  of patients  with hyper-
tension  was  larger  in  the  Disaster  group  than in the  Non-Disaster  group  (53.3%  vs.  37.5%,  p =  0.04).  The
number  of patients  with  atrial ﬁbrillation  was  also  larger  in the  Disaster  group  than  in  the  Non-Disaster
group  (56.7%  vs.  25.0%,  p =  0.03).  Left ventricular  systolic  ejection  fraction  (EF)  did not  differ  between
the  Disaster  and  Non-Disaster  groups  (45.2  ± 17.8%  vs. 45.6 ± 14.0%,  p = 0.46),  however,  the  proportion  of
patients  whose  EF  was  more  than  45%  were  signiﬁcantly  higher  in  the  Disaster  group  more  than  in  the
Non-Disaster  group  (56.7%  vs. 43.8%,  p =  0.04). The  in-hospital  mortality  rate  for  patients  in the  Disaster
group  was  higher  than  in the  Non-Disaster  group  (20.0%  vs. 6.3%,  p  = 0.04).
Conclusion:  The  incidence  and  in-hospital  mortality  rate  of HF  increased  after  the  Great  East Japan  Earth-
quake,  suggesting  that  psychosocial  stress  brought  on  by such  a disaster  could  lead to the  development
ore  
© 2of  HF with  preserved  EF m
ntroduction
On March 11, 2011, at 14:46, an earthquake of magnitude
.0 (Richter scale) occurred on the Paciﬁc coast of Tohoku dis-
rict, northeastern area of Japan. It was the most powerful known
arthquake ever to have hit Japan, and one of the ﬁve most
owerful earthquakes in the world overall since modern record-
eeping began in 1900 [1]. This earthquake triggered powerful
sunami waves, which reached heights of up to 40.5 m (133 ft) in
iyako City in Tohoku’s Iwate Prefecture. More than 15,000 people
ere killed and many buildings were damaged. Iwate Prefectural
∗ Corresponding author at: Division of Cardiology, Iwate Prefectural Central Hos-
ital, Morioka, Iwate 020-0061, Japan. Tel.: +81 019 653 1151;
ax: +81 019 653 2528.
E-mail addresses: AkihiroNakamura0223@msn.com,
kihiro-nakamura@pref.iwate.jp (A. Nakamura).
914-5087/$ – see front matter © 2013 Published by Elsevier Ltd on behalf of Japanese Co
ttp://dx.doi.org/10.1016/j.jjcc.2013.02.015than  that  with  reduced  EF.
013  Published  by  Elsevier  Ltd on  behalf  of Japanese  College  of Cardiology.
Central Hospital is located in the center of Iwate Prefecture, and has
given high-quality cardiovascular research and medical service for
the people who  live on the Paciﬁc coast of the Tohoku area. By
means of connecting with all other clinics and hospitals in Iwate
Prefecture by a medical network system, our hospital has played a
central role in the treatment of cardiovascular diseases. After the
earthquake, the local residents did not have the option of seeking
medical treatment elsewhere or leaving this area. Fortunately, our
hospital did not sustain any serious damage and we were able to
continue providing medical service as usual.
Kloner et al. [2] reported that both the incidence and mortal-
ity rates of cardiovascular disease increased in the week following
the Los Angeles earthquake in 1994. Kario et al. [3] also showed
the incidence of cardiovascular disease increased markedly after
the Great Hanshin-Awaji earthquake. Thus, several studies demon-
strate increased cardiovascular disease after acute psychosocial
stress such as the great earthquake, however, little is known
about more detailed information for heart failure (HF) caused by
llege of Cardiology.
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sychosocial stress. In this study, we focused on HF caused by psy-
hosocial stress and investigated the incidence, the mortality rate,
nd characteristics of HF related with the Great East Japan Earth-
uake.
ethods
tudy population
We  consecutively enrolled 30 patients (18 men, 12 women;
ean age 77.3 ± 9.8 years) who were admitted to Iwate Prefectural
entral Hospital, Morioka, Japan for acute HF during the three-week
eriod between March 11 and March 31, 2011 (Disaster group),
nd compared them to 16 patients (8 men, 8 women; mean age
7.3 ± 11.6 years) with acute HF during the corresponding period
f 2010 (Non-Disaster group). This investigation was  conducted
ccording to the principles expressed in the Declaration of Helsinki,
nd the study was approved by the Regional Ethics Committee and
ureau of protection of personal privacy.
iagnosis of HF
The diagnosis of HF was made by at least 2 senior cardiologists
sing the generally accepted Framingham criteria [4] and other
elevant information, including a history of dyspnea and symp-
omatic exercise intolerance with signs of pulmonary congestion
r peripheral edema, the presence of moist rales on auscultation,
r documentation of left ventricular (LV) enlargement or dysfunc-
ion by chest X-ray or echocardiography. LV function was  assessed
y the American College of Cardiology/American Heart Association
nd European Society of Cardiology guidelines [5,6]. Diagnoses of
ypertension, diabetes mellitus, and hyperlipidemia were obtained
rom medical records or patient histories of current or previous
edical therapy. Patients with no history of atrial ﬁbrillation (AF),
nd who did not show AF on continuous electrocardiographic mon-
toring during hospitalization, were deﬁned as patients with sinus
hythm, and patients with transient and chronic AF were deﬁned
s AF patients.
aboratory examinations and collection of clinical data
Routine blood chemistry and hematology tests were performed
t admission. The plasma B-type natriuretic peptide (BNP) lev-
ls were measured by using a commercially available speciﬁc
adioimmunoassay (Shiono RIA BNP assay kit; Shionogi Co., Tokyo,
apan) [7,8]. Clinical data, including age, gender, and body mass
ndex were obtained from hospital medical records and patient
nterviews.
chocardiography
Transthoracic echocardiographic measurements were per-
ormed soon after admission using standard methods by two
ndependent, experienced echocardiographers who  had no knowl-
dge of this study and who performed all measurements. LV
nd-diastolic volume, end-systolic volume, and ejection fraction
EF) were calculated using the modiﬁed Simpson method [9]. We
ssumed preserved EF with an LVEF ≥45% [10,11]. Patterns of
iastolic dysfunction were determined by mitral inﬂow E/A ratios
f peak velocities at early rapid ﬁlling (E) and late ﬁlling from
trial contraction (A), and deceleration time (DcT) of the E wave
f Doppler mitral inﬂow was also measured as an indicator of LV
iastolic function.rdiology 62 (2013) 25–30
Therapy of HF after admission
Patients were treated with intravenous atrial natriuretic
peptide (ANP) [12,13], a circulating hormone of cardiac origin
which has vasodilator and diuretic properties and can inhibit
the renin–angiotensin–aldosterone system and/or low-dose
dopamine in addition to optimal standard therapy including
-adrenergic antagonists, angiotensin-converting enzyme
inhibitors or angiotensin-receptor blockers, and aldosterone
antagonists. Diuretics were administered in ﬂexible doses on the
basis of body weight and daily dieresis. The indications for ANP,
dopamine, or diuretics administration were determined by 2 senior
cardiologists. After acute phase, patients were treated orally with
optimal pharmacologic drugs including -adrenergic antagonists,
angiotensin-converting enzyme inhibitors or angiotensin-receptor
blockers, aldosterone antagonists, and diuretics.
Deﬁnition of cardiovascular death
We  evaluated all-cause death and cardiovascular death dur-
ing hospitalization. Cardiovascular death was deﬁned as heart
failure-related death, stroke-related death, myocardial infarction,
or arrhythmia-related death and sudden death.
Statistical analysis
We  examined the magnitude of increased risk of HF before
and after the earthquake on 11 March 2011 and in corresponding
periods in previous years or 2012 as previously reported by Dob-
son et al. [14]. Data are presented in 2 × 2 tables as follows: the
number of patients with HF before the earthquake (February 18 to
March 10, 2011) was shown as A, and that with HF after the earth-
quake (March 11 to March 31, 2011) was shown as B. The number
of patients with HF during the period of February 18 to March 10,
2012 or previous years (2009, 2010) is shown as C, and that with
HF during the period of March 11 to March 31, 2012 or previous
years (2009, 2010) is shown as D. A proportion of events in 2011
as B/A was compared with the corresponding proportions in 2012
or previous years (2009, 2010), D/C. Results are presented by the
odds ratio (OR): OR = (B/A)/(D/C).
All values are expressed as mean ± standard deviation for
continuous variables and as numbers and percentages for cate-
gorical variables. Unpaired Student’s t test was used to compare
continuous variables. If data were not distributed normally, the
Mann–Whitney U-test was  used. The chi-square test or Fisher’s
exact test was used for categorical variables. A p-value of <0.05
was considered to be statistically signiﬁcant. All statistical anal-
yses were performed using a commercially available statistical
software: JMP  version 9.0 (SAS, Institute Inc., Cary, NC, USA).
Results
Number of HF patients
The total number of patients who  were admitted to our hospi-
tal (Fig. 1) for HF during the three-week period between March
11 and March 31, 2011 was 30 (Disaster group), whereas that
during the corresponding period of 2010 was 16 (Non-Disaster
group). The number of patients in the Disaster group increased by
about twofold (Fig. 2). Six of thirty patients (20%) in the Disaster
group were residents of the coastal area which was affected by the
tsunami and two patients were tsunami survivors.
Compared with 2010 or 2009, OR for HF during the three-week
period in 2011 was  1.52 [95% conﬁdence interval (CI): 1.32–3.93]
and 2.66 (95% CI: 1.02–6.92), respectively. When compared with
A. Nakamura et al. / Journal of Cardiology 62 (2013) 25–30 27
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aFig. 1. The Great East Japan Earthquake and location of our hospital. Iwate Pref
009, OR for HF during the three-week period in 2010 was  1.74
95% CI: 0.62–4.92) (Table 1).
omparison of characteristics between the Disaster and
on-Disaster groups
Patient characteristics of the Disaster and Non-Disaster groups
re shown in Table 2. There was no difference in age and body
ass indexes between patients in the Disaster and Non-Disaster
roups. The etiology of HF in the Disaster group was  hyperten-
ive heart disease in 10 patients (33.3%), ischemic heart disease
n 10 patients (33.3%), valvular heart disease in 6 patients (20.0%),
ilated cardiomyopathy in 2 patients (6.7%), and other causes in
 patients (6.7%), whereas it was hypertensive heart disease in
 patients (31.3%), ischemic heart disease in 7 patients (43.8%),
ig. 2. Number of heart failure (HF) patients during the three-week period before
nd after March 11 from 2009 to 2011.l Central Hospital is located in Morioka City, in the center of Iwate Prefecture.
valvular heart disease in 2 patients (12.5%), and other causes in
2 patients (12.5%) in the Non-Disaster group. The prevalence of
hypertension was  signiﬁcantly higher in patients in the Disas-
ter group than those in the Non-Disaster group (53.3% vs. 37.5%,
p = 0.04), however, there was no difference in the prevalence of
diabetes mellitus or dyslipidemia between the two  groups. There
was no difference in etiology of HF between patients in the Disas-
ter and Non-Disaster groups. In the Disaster group, the number
of patients with atrial ﬁbrillation was  signiﬁcantly larger than
in the Non-Disaster group (56.7% vs. 25.0%, p = 0.03). A total of
14 of 30 patients (46.7%) in the Disaster group showed initial
HF hospitalization, whereas there were only 2 patients (12.5%)
in the Non-Disaster group (p = 0.02). In-hospital mortality rate for
patients in the Disaster group was  signiﬁcantly higher than that in
the Non-Disaster group (20.0% vs. 6.3%, p = 0.04). There was a ten-
dency for a higher level of plasma BNP in the Disaster group when
compared with that of the Non-Disaster group, however, there was
no signiﬁcant difference between the two  groups (1138 ± 1007 vs.
797 pg/dl ± 607 pg/dl, p = 0.31). There was  no difference in base-
line therapy on admission between patients in the Disaster and
Non-Disaster groups.
Table 1
Number of HF patients during three weeks before and after the earthquake in 2011
and previous years, with odds ratio and 95% conﬁdence interval.
Feb. 18 to
Mar. 10
Mar. 11 to
Mar. 31
OR 95% CI
2011 16 30
1.52 1.32–3.932010 13 16
2011 16 30
2.66 1.02–6.922009 17 12
2010 13 16
1.74 0.62–4.922009 17 12
Data are expressed as number, odds ratio (OR) and 95% conﬁdence interval (CI). HR,
heart failure; Feb, February; Mar, March.
28 A. Nakamura et al. / Journal of Ca
Table  2
Clinical characteristics.
Variable Disaster group
(n = 30)
Non-Disaster
group (n = 16)
p-Value
Age (years) 77.3 ± 9.8 77.3 ± 11.6 0.49
Men, n (%) 18 (60.0%) 8 (50.0%) 0.20
Body mass index (kg/m2) 21.1 ± 2.9 20.3 ± 2.0 0.19
Hypertension, n (%) 16 (53.3%) 6 (37.5%) 0.04
Diabetes mellitus, n (%) 7 (23.3%) 6 (37.5%) 0.68
Dyslipidemia, n (%) 5 (16.7%) 5 (31.3%) 0.28
eGFR (ml/min/1.73 m2) 58.4 ± 10.6 44.1 ± 14.3 0.06
Etiology of HF
Hypertensive heart disease, n (%) 10 (33.3%) 5 (31.3%) 0.77
Ischemic heart disease, n (%) 10 (33.3%) 7 (43.8%) 0.53
Valvular heart disease, n (%) 6 (20.0%) 2 (12.5%) 0.69
Dilated cardiomyopathy, n (%) 2 (6.7%) 0 (0.0%) 0.29
Others, n (%) 2 (6.7%) 2 (12.5%) 0.50
Atrial ﬁbrillation, n (%) 17 (56.7%) 4 (25.0%) 0.03
Smokers, n (%) 5 (16.7%) 3 (18.8%) 0.85
Heart rate (beats/min) 97.8 ± 25.1 85.3 ± 18.1 0.06
Systolic blood pressure (mmHg) 149.9 ± 36.3 122.6 ± 26.0 0.01
Diastolic blood pressure (mmHg) 81.9 ± 21.5 72.4 ± 15.5 0.08
Initial HF hospitalization, n (%) 14 (46.7%) 2 (12.5%) 0.02
In-hospital mortality rate, n (%) 6 (20.0%) 1 (6.3%) 0.04
BNP  (pg/dl) 1138 ± 1007 797 ± 607 0.31
Baseline therapy
ACE-I or ARB, n (%) 13 (43.3%) 7 (43.8%) 0.98
-Blockers, n (%) 11 (36.7%) 16 (37.5%) 0.75
Loop diuretics, n (%) 12 (40.0%) 7 (43.8%) 0.86
Spironolactone, n (%) 4 (13.3%) 3 (18.9%) 0.36
Data are expressed as number of patients (%) or mean ± SD. eGFR, estimated
glomerular ﬁltration rate; HF, heart failure; BNP, brain natriuretic peptide,
ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor
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and in-hospital mortality rate of HF increased, and the patients who
showed HF with preserved EF increased after the Great East Japan
Earthquake. Although there have been several studies on cardiovas-
cular events such as sudden cardiac death and acute myocardial
Table 4
Comparison of clinical characteristics between patients with HFpEF and HFrEF in
Disaster group.
Variable HFpEF (n = 17) HFrEF (n = 13) p-Valuelocker.
omparison of echocardiographic parameters between the
isaster and Non-Disaster groups
Table 3 shows echocardiographic parameters of patients in the
isaster group and those in the Non-Disaster group. LV systolic
unction did not differ between the Disaster and Non-Disaster
roups (LVEF: 45.2 ± 17.8% vs. 45.6 ± 14.0%, p = 0.46), however, the
roportion of patients whose EF was more than 45% were signiﬁ-
antly higher in the Disaster group than in the Non-Disaster group
56.7% vs. 43.8%, p = 0.04). There was no difference in LV wall thick-
ess, left atrial dimension, and parameters for LV diastolic function
uch as E/A ratio and deceleration time of E wave between the two
roups.
able 3
omparison of echocardiographic parameters between patients in Disaster and Non-
isaster group.
Parameters Disaster group
(n = 30)
Non-Disaster
group (n = 16)
p-Value
LV end-diastolic dimension (mm)  47.8 ± 7.1 53.5 ± 3.9 0.28
LV  end-systolic dimension (mm)  36.4 ± 8.5 41.7 ± 6.2 0.17
LV  EF (%)
EF  45%, n (%) 17 (56.7%) 7 (43.8%) 0.04
LV  interventricular septal thickness
At end-diastole (mm)  12.0 ± 2.8 11.2 ± 2.7 0.30
LV  posterior wall thickness
At end-diastole (mm)  12.2 ± 3.0 11.7 ± 1.3 0.28
Left  atrial dimension (mm) 42.5 ± 10.0 48.0 ± 7.0 0.13
E/A  ratio 1.60 ± 0.7 1.58 ± 0.6 0.43
Deceleration time of E wave (ms) 172.7 ± 68.4 158.7 ± 74.0 0.39
ata are expressed as number of patients (%) or mean ± SD. LV, left ventri-
ular; EF, ejection fraction; E, peak early diastolic ﬂow velocity of transmitral
ow velocity curve; A, peak velocity of transmitral ﬂow velocity curve at atrial
ontraction.rdiology 62 (2013) 25–30
Comparison of characteristics between HF patients with preserved
and reduced EF in the Disaster and Non-Disaster groups
Table 4 shows the comparison of patients’ characteristics
between HF with preserved EF (≥45%) and reduced EF (<45%) in the
Disaster group. Patients with preserved EF showed that the preva-
lence of men, initial HF hospitalization, hypertension, and ischemic
heart disease was signiﬁcantly higher in patients in the Disaster
group than those in Non-Disaster group. Table 5 showed the com-
parison of patients’ characteristics between HF with preserved EF
and HF with reduced EF in the Non-Disaster group. There was  no
signiﬁcant difference in the prevalence of men, initial HF hospi-
talization, atrial ﬁbrillation, hypertension, diabetes mellitus, and
ischemic heart disease.
Comparison of the mortality rate between the Disaster and
Non-Disaster groups
A total of 6 of 30 patients (20%) in the Disaster group died dur-
ing hospitalization, whereas there was  only 1 patient (6.3%) in the
Non-Disaster group who died (p = 0.04). All-cause mortality was
signiﬁcantly higher in the Disaster group than in the Non-Disaster
group.
In the Disaster group, 4 of 6 patients died due to cardiovas-
cular death (3 heart failure-related death; 1 sudden death due
to severe aortic valve stenosis), and 2 patients died due to non-
cardiovascular death (1 sepsis; 1 pulmonary embolism). Two  of six
dead patients showed HF with preserved EF and 4 patients showed
HF with reduced EF.
In the Non-Disaster group, the cause of death was pneumonia
and this patient showed HF with reduced EF.
Discussion
The major ﬁndings of the present study are that the incidenceAge (years) 80.2 ± 9.1 75.4 ± 11.1 0.22
Men, n (%) 7 (41.2%) 11 (69.9%) 0.04
Initial HF hospitalization, n (%) 11 (64.7%) 3 (23.1%) 0.02
Atrial ﬁbrillation, n (%) 10 (58.8%) 7 (53.8%) 0.87
Hypertension, n (%) 11 (64.7%) 5 (38.5%) 0.04
Diabetes mellitus, n (%) 4 (23.5%) 3 (23.1%) 0.96
Ischemic heart disease, n (%) 3 (17.6%) 7 (53.8%) 0.03
Data are expressed as number of patients (%) or mean ± SD. HFpEF, heart failure with
preserved ejection fraction; HFrEF, heart failure reduced ejection fraction.
Table 5
Comparison of clinical characteristics between patients with HFpEF and HFrEF in
Non-Disaster group.
Variable HFpEF (n = 7) HFrEF (n = 9) p-Value
Age (years) 77.7 ± 16.7 78.0 ± 8.3 0.97
Men, n (%) 3 (42.9%) 5 (55.6%) 0.62
Initial HF hospitalization, n (%) 1 (14.3%) 1 (11.1%) 0.85
Atrial ﬁbrillation, n (%) 2 (28.6%) 2 (22.2%) 0.26
Hypertension, n (%) 3 (42.9%) 3 (33.3%) 0.76
Diabetes mellitus, n (%) 3 (42.9%) 3 (33.3%) 0.76
Ischemic heart disease, n (%) 1 (14.3%) 6 (66.7%) 0.41
Data are expressed as number of patients (%) or mean ± SD. HFpEF, heart failure with
preserved ejection fraction; HFrEF, heart failure reduced ejection fraction.
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nfarction after great disasters, there is little information on HF
aused by sudden psychosocial stress such as an earthquake.
Victims of the great earthquake are vulnerable to stress and
nxiety which can exacerbate existing medical conditions such as
ardiovascular disease and ischemic heart disease [2,3]. The sudden
sychosocial stress brought about by the earthquake is thought to
e an important precipitating factor, since activation of the sym-
athetic nervous system and catecholamine release during the
tress may  enhance vascular spasm, injury, formation of platelet-
ich thrombi, and potential subsequent rupture of a vulnerable
therosclerotic plaque.
It has been believed that the incidence or mortality rates of
ardiovascular disease often signiﬁcantly increase in the weeks
ollowing an earthquake. In the week following the Los Angeles
arthquake in 1994, mortality rates from cardiovascular disease
ncreased and then rapidly decreased a week later to levels lower
han normal [2]. Kario et al. [15] reported that great earthquakes
ncrease the incidence of death by cardiovascular disease during the
eriod from night-time to morning, especially among the elderly
iving near the epicenter. Ogawa et al. [16] reported that the stan-
ardized mortality rate of acute myocardial infarction signiﬁcantly
ncreased about eight weeks after the Great Hanshin-Awaji earth-
uake. Leor et al. [17] also reported a signiﬁcant increase in the
umber of admissions for myocardial infarction during the week
fter the 1994 Northridge earthquake. Thus, there were previous
tudies from Japan or other countries showing the increase of
ardiovascular events, whereas Dobson et al. [14] reviewed data
rom hospital in the area of the 1989 Newcastle earthquake and
eported that relative risk for myocardial infarction in the 4 days
fter the earthquake was not statistically signiﬁcantly different. Our
bservation is compatible with the concept that the onset of car-
iovascular events may  be related to certain triggers and that the
sychosocial stress might be a trigger. However, we  need further
nvestigation focused on HF after the great earthquake because of
he small number of patients in our study.
In the present study, we deﬁned LVEF ≥45% as HF with preserved
F, because there is no consensus regarding the cutoff for preserved
F and it was variably deﬁned as an LVEF ≥40%, ≥45%, or ≥50%
10,11,18–21]. Current guidelines for diagnosis and treatment of HF
equire the presence of normal or mildly abnormal LVEF (≥45–50%)
or the diagnosis of HF with preserved EF [5].
Of particular interest, we observed that the proportion of
atients with preserved LVEF (≥45%) in the Disaster group was
igniﬁcantly higher than that in the Non-Disaster group, and the
revalence of hypertension was signiﬁcantly higher in patients in
he Disaster group than those in the Non-Disaster group. The sud-
en psychosocial stress brought about by the earthquake increases
lood pressure, and then the heart afterload secondary to hyper-
ension leads to an increase in LV wall tension and wall stress.
eightened blood pressure and the sympathetic nervous system
nd/or the renin–angiotensin–aldosterone system activity may be
 mechanism for hypertension-HF with preserved LVEF link in these
atients exposed to stressful conditions.
Loss of medication and medical records caused by the tsunami
ight interrupt anti-hypertensive medical treatment in patients
ith hypertension, and uncontrolled hypertension might be one of
he causes of HF hospitalization. In the present study, six patients
ere coastal residents, and two of them were tsunami survivors.
lthough these two patients had a history of temporary interrup-
ion of anti-hypertensive medications just after the disaster, other
atients with hypertension could continue medications. Thus, com-
liance with antihypertensive medications might not be poor due
o loss of drugs or insufﬁcient drug supply in association with
he disaster. Among many factors associated with increased inci-
ence of HF in disasters, elevated blood pressure is one of the
mportant factors. Our study suggested that elevation of bloodrdiology 62 (2013) 25–30 29
pressure due to not only discontinued medication but also other
factors which could activate sympathetic nerve system and/or
renin–angiotensin–aldosterone system played an important role.
Because these systems are also regulating blood volume or heart
rate, contribution of augmented preload or increase of heart rate as
well as afterload might be likely involved in the increased incidence
of HF hospitalization [22–25].
Although our study suggests that disaster-induced psycholog-
ical stress could develop the diastolic HF with poor prognosis, it
is difﬁcult to evaluate psychological stress and its association with
HF. Furthermore, physical stress including cold temperature can
elevate blood pressure regardless of psychological stress brought
on by such a great disaster [26]. At Morioka located in the center
of Iwate Prefecture (Fig. 1), the average high and low tempera-
tures recorded during the three-week period between March 11
and March 31, 2011 were 7.2 ◦C and −2.2 ◦C, respectively, whereas
those during the corresponding period of 2012, 2010, and 2009
were 6.5 ◦C and −1.3 ◦C, 5.9 ◦C and −1.5 ◦C, and 7.5 ◦C and −0.6 ◦C,
respectively. There were no differences in the average high and low
temperatures during the three-week period between March 11 and
March 31 in 2011 and 2010, 2009, or 2012.
According to the study that investigated the effect of tremen-
dous psychological stress on blood pressure in the Hanshin-Awaji
earthquake, the blood pressure increased signiﬁcantly for the
patients who  were living in the area of the very severe earth-
quake during the 4 weeks after the earthquake. However, the
increase in blood pressure peaked in the ﬁrst week, declined
thereafter, and returned to the baseline within 6 weeks after the
disaster. This earthquake-related blood pressure elevation was  sig-
niﬁcantly attenuated in patients receiving -blockers compared
with those receiving other drugs [27]. Therefore, early treatment
with -blockers, angiotensin-converting enzyme inhibitors, or
angiotensin receptor blockers that affect certain aspects of these
changes may  be useful for the prevention of HF with preserved
LVEF.
Limitations of our study
The present study had several limitations. First, this was a single-
center retrospective observational study. Second, the number of
study subjects was not large. Third, in the present study, sever-
ity of the psychosocial stress was  impossible to quantitate. Suzuki
et al. [28] reported that emotional stress level increased after the
Great Hanshin-Awaji earthquake by using the post-traumatic stress
disorder reaction index score, and showed that severe emotional
stress such as an earthquake could trigger acute myocardial infarc-
tion. Quantitative examination for stress after the great earthquake
might provide more important information concerning the causal
relationship between psychosocial stress and HF.  Fourth, LV dys-
function was  determined using echocardiography, and no direct
invasive hemodynamic measurements of LV diastolic dysfunction
were performed.
Conclusion
Our study showed an increase in the number of patients with
HF during the week after the Great East Japan Earthquake, and that
hospital and emergency services should have contingency plans for
an increase in HF patients following an earthquake.Conﬂict of interest
None declared.
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